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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The organic electrolytic solution characterized by having made the nonionic aromatic 
compound with which it is the organic electrolytic solution using the chain-like ester which 
chain-like ester is used exceeding 50 volume % as a main solvent in [ all ] an electrolytic- 
solution solvent and has a methyl group at least as an electrolytic-solution solvent and a 
carbon number has four or more alkyl groups in the above-mentioned organic electrolytic 
solution contain, and making ethylene carbonate contain more than 10 volume % in [ all ] an 
electrolytic-solution solvent. 

[Claim 2] The organic electrolytic solution according to claim 1 with which the carbon number of 
a nonionic aromatic compound is characterized by for four or more alkyl groups having coupled 
directly with the benzene ring, or having combined with the benzene ring through a COO radical. 
[Claim 3] The organic electrolytic solution according to claim 2 whose nonionic aromatic 
compound which four or more alkyl groups coupled [ the carbon number ] directly with the 
benzene ring is butylbenzene or cyclohexylbenzene. 

[Claim 4] The organic electrolytic solution according to claim 2 whose nonionic aromatic 
compound which four or more alkyl groups combined [ the carbon number ] with the benzene 
ring through the COO radical is the derivative or dibutyl phthalate of trimellitic acid ester and 
trimellitic acid ester. 

[Claim 5] The organic electrolytic solution according to claim 2 to 4 whose carbon number of an 
alkyl group is five or more pieces. 

[Claim 6] The organic electrolytic solution according to claim 1 to 5 characterized by chain-like 
ester being over 65 volume % in [ all ] an electrolytic-solution solvent. 

[Claim 7] The organic electrolytic solution according to claim 1 to 6 whose content in the inside 
of the organic electrolytic solution of the nonionic aromatic compound with which a carbon 
number has four or more alkyl groups is 0.1 or more-part by volume ten or less part by volume 
to electrolytic-solution solvent 100 part by volume. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the organic electrolytic solution which can 
constitute the organic electrolytic-solution rechargeable battery excellent in safety in more 
detail about the organic electrolytic solution. 
[0002] 

[Description of the Prior Art] An organic electrolytic-solution rechargeable battery is a 
rechargeable battery which used the organic solvent as a solvent of the electrolytic solution, and 
this organic electrolytic-solution rechargeable battery has a large capacity, and is in the 
inclination whose need increases increasingly from their being the high voltage, a high energy 
consistency, and high power. 

[0003] And as a solvent (in this book, this "solvent of the organic electrolytic solution" is 
simplified, and it is expressed as an "electrolytic-solution solvent") of the organic electrolytic 
solution of this cell, cyclic ester, such as ethylene carbonate, and chain-like ester, such as 
dimethyl carbonate, diethyl carbonate, and methyl propionate, were mixed, and have so far been 
used. 

[0004] However, when chain-like ester was used as a main solvent of the organic electrolytic 
solution, or when there was much capacity in which the charge and discharge of a negative 
electrode are possible and sufficient work was not carried out about the structure of a cell while 
advancing examination aiming at improvement in the further safety about this organic 
electrolytic-solution rechargeable battery, it turned out that there is an inclination for the safety 
at the time of [ when a cell carries out an internal short circuit ] ****(ing) to fall. 
[0005] Usually, it is coped with so that overcharge may be prevented in a protection network 
etc. and an internal short circuit may not be caused, and in the : usual internal short circuit, it 
does not result in the unusual situation only by a cell generating heat moreover — ****(jng) — 
it rarely happens, and it is hard to happen unless a user does purposely. As happening, it is 
assumed that a cell is partially crushed in impact accident etc. 

[0006] Therefore, although the collapse trial of a cell is performed, it is usually safe. However, it 
is desirable to be hard to say that it is safe enough, to examine under the conditions that danger 
is more high, and to check safety only by examining dozens of pieces. 

[0007] On the other hand, since a peg test short-circuits a cell certainly in few parts compared 
with the collapse trial of a cell, a current concentrates on a short circuit part, it is easier to 
generate heat, and a cell tends to become an elevated temperature quickly partially. Therefore, 
by the cell which has the spiral electrode object around which the band-like positive electrode 
and the band-like negative electrode were spirally wound through the separator which produces 
a fuze by generation of heat of a cell, it is easy to produce dispersion in the fuze (loading by 
melting) of a separator, and generation of heat of a cell increases further for generation of heat 
by the reaction of the electrolytic solution in a short circuit part and a negative electrode 
increasing etc. Therefore, the peg test is effective as a severe test for a safety check. 
Furthermore, performing in the state of a 40-degree C elevated temperature tends to go up [ a 
cell ] even to an elevated temperature rather than performing a peg test at a room temperature, 
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and the thermal-run-away reaction of a cell tends to occur/ Moreover, 2 ********, 1 / direction 
which stops a nail in the middle of a cell of a short circuit part decrease, and a current 
concentrates more and tends to generate heat like, therefore — for obtaining higher safety — 
such warming — as for extent in 1 / 2 peg tests in the bottom, it is desirable that it is what is 
borne. 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, when the compound which can carry out 
the ejection and insertion of the lithiums, such as carbon, is used for a negative electrode, rather 
than the case where a metal lithium is used, reactivity with the electrolytic solution in an 
elevated temperature falls far, and the safety of a cell is improved. And for the safety 
improvement, the electrolytic solution and existence of the good coat formed in response to the 
front face of the negative electrode using the compound which can carry out the ejection and 
insertion of the lithium are indispensable. 

[0009] About a reaction with the electrolytic solution in the front face of a negative electrode, 
D.Aurbach and others is an organic carbonate (ROC02 Li) and Li2 C03 on carbon. It has 
reported that the alkoxide (ROLi) etc. is generating (J.EIectrochemical Soc, and [Vol142 (No.9), 
p2882] (1995)). Moreover, in the multiple address sentence, in the mixed solvent of the ethylene 
carbonate of cyclic ester, and the diethyl carbonate of chain-like ester, if the rate of the diethyl 
carbonate of chain-like ester to the ethylene carbonate of cyclic ester increases more than 1:1, 
it is reported that a bad influence is in a cycle property. Furthermore, also in examination of this 
invention persons, if the rate of chain-like ester of especially having a methyl group when the 
rate of chain-like ester like especially diethyl carbonate increases increases, it has turned out 
that there is an inclination for the safety in a short circuit or **** to fall. 

[0010] Therefore, this invention solves the trouble about the safety of the conventional organic 
electrolytic solution, and aims at offering the organic electrolytic solution which can constitute 
the organic electrolytic-solution rechargeable battery excellent in safety. 
[0011] 

[Means for Solving the Problem] This invention solves the above-mentioned technical problem in 
the organic electrolytic solution using the chain-like ester which chain-like ester is used 
exceeding 50 volume % as a main solvent in [ all ] an electrolytic-solution solvent, and has a 
methyl group at least as an electrolytic-solution solvent by making the nonionic aromatic 
compound with which a carbon number has four or more alkyl groups contain, and making 
ethylene carbonate contain more than 10 volume % in [ all ] an electrolytic-solution solvent. 
[0012] 

[Embodiment of the Invention] As a nonionic aromatic compound which has four or more alkyl 
groups, the carbon number used in this invention For example, the derivative of the trimellitic 
acid ester of trimellitic acid ester, tree 2-ethylhexyl trimellitate [G6 H3 3 (COOC eight HI 7)], 
etc., Dibutyl phthalate [C6 H4 2 (COOC four H9)], butylbenzene (C6 H5-C four H9, normal, 
tertiary, or ISO), cyclohexylbenzene (C6 H1 1-C six H5), etc. are mentioned. 
[0013] The alkyl group of the above-mentioned nonionic aromatic compound requires that a 
carbon number should be four or more pieces, and a carbon number is five or more pieces 
desirably. Moreover, although the above-mentioned alkyl group may be coupled directly with the 
benzene ring, it is still more desirable to have combined with the benzene ring through a COO 
radical. That is, the one where an alkyl group is longer is because it is [ the barrier effectiveness 
(effectiveness of suppressing the rapid reaction of an electrode and the electrolytic solution at 
an elevated temperature) on the front face of a negative electrode ] larger for there to be a 
COO radical again. Here, nonionic [ in the above-mentioned nonionic aromatic compound ] 
means having neither the cation section nor the anion section in intramolecular. 
[0014] In this invention, it is desirable that they are 0.1 or more parts by volume to electrolytic- 
solution solvent 100 part by volume, as for the content in the inside of the organic electrolytic 
solution of the nonionic aromatic compound with which the above-mentioned carbon number has 
four or more alkyl groups, it is still more desirable that they are 0.2 or more parts by volume, and 
its 0.5 or more parts by volume are the most desirable. In addition, when the nonionic aromatic 
compound with which the above-mentioned carbon number has four or more alkyl groups is a 
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solid-state, the value which carried out volume conversion by the consistency is used. Moreover, 
the content in the inside of the organic electrolytic solution of the nonionic aromatic compound 
with which the above-mentioned carbon number has four or more alkyl groups has ten or less 
desirable parts by volume to electrolytic-solution solvent 100 part by volume, its two or less 
parts by volume are still more desirable, and its one or less part by volume is the most desirable. 

[0015] When there are more contents in the inside of the organic electrolytic solution of the 
nonionic aromatic compound with which there is a possibility that it may become impossible to 
fully raise safety when there are few contents in the inside of the organic electrolytic solution of 
the nonionic aromatic compound with which the above-mentioned carbon number has four or 
more alkyl groups than the above, and the above-mentioned carbon number has four or more 
alkyl groups than the above, there is a possibility that the cycle property and load characteristic 
of a cell may worsen. 

[0016] this invention persons examined in the detail the effectiveness which the addition to the 
organic electrolytic solution of an aromatic compound exerts on the safety of a cell. When this 
was explained in detail, it turned out that danger increases with the lithium ion battery of the 
usual marketing as the energy density of a cell becomes high although this invention persons 
have low danger when they perform the peg test of a lithium ion battery first supposing an 
internal short circuit etc. 

[0017] Although the compound which can usually carry out the ejection and insertion of the 
lithiums, such as a carbon material, is used for the negative electrode of these cells, when a 
negative electrode overcharges and a lithium electrodeposits some, exothermic reaction arises 
from near about 100 degree C between the electrolytic solution and the carbon material with 
which the electrodeposted lithium and the lithium were inserted. On the other hand, when a 
lithium is desorbed from a positive electrode, threshold reaction temperature with the 
electrolytic solution becomes low and temperature rises even to the thermal-run-away 
temperature of a positive electrode with the heat of reaction of a negative electrode, a cell will 
produce abnormality generation of heat. 

[0018] When it generates heat at the time of overcharge, the calorific value per cell unit volume 
increases, and possibility that cell temperature will rise even to the thermal-run-away 
temperature of a positive electrode becomes high, so that there is much capacity which can 
discharge per unit volume of a negative electrode, since there is an exothermic phenomenon 
accompanied by such a successive reaction. Therefore, a cell with a larger negative-electrode 
capacity per unit volume needs to control the exothermic reaction of a negative electrode and 
the electrolytic solution. Moreover, since calorific value increases also when cell size is large, it 
is necessary to control the exothermic reaction of a negative electrode and the electrolytic 
solution, and the effectiveness of making the nonionic aromatic compound with which the carbon 
number of this invention has four or more alkyl groups containing is notably discovered. The size 
of a cell is 3 10cm. It is 3 especially 15cm above. Since calorific value will increase if it becomes 
above, the effectiveness of this invention is more notably discovered. 

[0019] In this invention, the reason safety is improvable is considered as follows by using the 
organic electrolytic solution with which the above-mentioned carbon number contains the 
nonionic aromatic compound which has four or more alkyl groups. 

[0020] Although the reactivity in an elevated temperature of the electrolytic solution and a 
negative electrode is controlled rather than the case where a metal lithium is used for a negative 
electrode, by producing a negative electrode with the compound which can carry out the ejection 
and insertion of the lithium like a carbon ingredient, when the capacity in which the charge and 
discharge of a negative electrode are possible increases, reactivity with the electrolytic solution 
increases, calorific value when a cell generates heat and the reaction of a negative electrode and 
the electrolytic solution occurs increases, and temperature becomes easy to rise. However, if 
four or more nonionic aromatic compounds are added for the carbon number in the organic 
electrolytic solution, since this aromatic compound will adsorb on the surface of a negative 
electrode and will control direct contact to the front face of a negative electrode, and chain-like 
ester, the reactivity of a negative electrode and the electrolytic solution is reduced and it is 



http:/ / www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi.ejje 



2006/05/1 1 



JP,2003-109660,A [DETAILED DESCRIPTION] 



, 4/7 ^-v 



thought that a temperature rise is restricted. And although the carbon number had four or more 
alkyl groups, the direction understood the aromatic compound that effectiveness is also high. 
The detail is clarified in the after-mentioned example. 

[0021] The chain-like ester used as a main solvent among electrolytic-solution solvents is an 
organic solvent which has COO-association of the shape of a chain, such as dimethyl carbonate, 
diethyl carbonate, methylethyl carbonate, and methyl propionate. The main solvent means that 
chain-like ester exceeds 50 volume % in [ all / containing these chain-like ester ] an 
electrolytic-solution solvent. When chain-like ester exceeds 65 volume %, there is an inclination 
for the safety of the cell in a peg test to fall, and the addition effectiveness of a nonionic 
aromatic compound that a carbon number has four or more alkyl groups becomes large. And if 
chain-like ester exceeds 70 volume %, the addition effectiveness of a nonionic aromatic 
compound of having the above-mentioned alkyl group will become still larger, and if chain-like 
ester exceeds 75 volume %, the addition effectiveness of a nonionic aromatic compound of 
having the above-mentioned alkyl group will become still larger. Moreover, since it becomes easy 
for the safety of a cell to fall also when chain-like ester has a methyl group, the addition 
effectiveness of a nonionic aromatic compound of having the above-mentioned alkyl group 
becomes much more remarkable. 

[0022] Moreover, if ester (30 or more dielectric constants) with the following high dielectric 
constant is mixed and used for the above-mentioned chain-like ester, since a cycle property and 
the load characteristic of a cell will improve and safety will also improve rather than the case 
where it uses only with chain-like ester, it will become more desirable as a cell. The improvement 
in the above safeties will become remarkable if ester with a high dielectric constant becomes in 
[ all ] an electrolytic-solution solvent (all solvents of the organic electrolytic solution) more than 
10 volume %. As ester with such a high dielectric constant, for example, propylene carbonate 
(PC), ethylene carbonate (EC), butylene carbonate (BC), a gamma butyrolactone (gamma-BL), an 
ethylene glycol ape fight (EGS), etc. are mentioned, especially the thing of cyclic structure is 
desirable, annular carbonate is especially desirable, and ethylene carbonate (EC) is the most 
desirable. Therefore, ethylene carbonate is made to contain more than 10 volume % in [ all ] an 
electrolytic-solution solvent in this invention with the nonionic aromatic compound with which 
said carbon number has four or more alkyl groups. 

[0023] Under 40 volume % in [ all ] an electrolytic-solution solvent of the ester with the above- 
mentioned high dielectric constant is desirable, and it is below 25 volume % still more preferably 
below 30 volume % more preferably. 

[0024] As a solvent in which chain-like ester and concomitant use are possible in addition to 
ester with the above-mentioned high dielectric constant, 1, 2-dimethoxyethane (DME), 1, 3- 
dioxolane (DO), a tetrahydrofuran (THF), a 2-methyl-tetrahydrofuran (2 Me-THF), diethylether 
(DEE), etc. are mentioned, for example. In addition, an amine imide series organic solvent, ** 
sulfur or a fluorine-containing organic solvent, etc. can be used. 

[0025] As an electrolyte of the organic electrolytic solution, for example LiCI04 and LiPF6, 
LiBF4, LiAsF6, LiSbF6, and LiCF3 S03, LiC4 F9 S03, LiCF3 C02, and Li2 C2 F4 2 (S03) LiN 
(CF3 S02)2, LiC (CF3 S02)3, LiCn F2n+1S03 (n>=2), and LiN (Rf30S02)2 [ — here — Rf — 
fluoro alkyl group] etc. — independent — or, although two or more sorts are mixed and it is used 
especially — LiPF6 LiC4 F9 S03 etc. — a charge-and-discharge property is desirable from a 
good thing. Although especially the concentration of the electrolyte in the organic electrolytic 
solution is not limited, since its safety will improve if concentration is made into 1 or more mol/l, 
it is desirable, and its 1.2 or more mol/l is still more desirable. Moreover, since a good electrical 
property is maintained with the concentration of the electrolyte in the organic electrolytic 
solution being 1.7 or less mol/l, it is desirable, and it is still more desirable that they are 1.5 or 
less mol/l. 

[0026] the organic electrolytic solution of this invention — using — an organic electrolytic- 
solution rechargeable battery — constituting — hitting — as positive active material — LiCo02 
etc. — lithium cobalt oxide and LiMn 204 etc. — a lithium manganic acid ghost and LiNi02 etc. 
— metallic sulfide, such as metallic oxides, such as a lithium nickel oxide, a manganese dioxide, 
vanadium pentoxide, and a chromic-acid ghost, or 2 titanium sulfides, and molybdenum disulfide, 
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is used. 

[0027] And as for a positive electrode, what made the band-like Plastic solid to current 
collection ingredients, such as aluminium foil, as a core material is used in the mixture which 
added binders, such as an electric conduction assistant and polyvinylidene fluoride, etc. suitably 
to those positive active material, for example. 

[0028] especially — LiNi02, LiCo02, and LiMn 204 etc. — when the open circuit voltage at the 
time of charge uses the lithium multiple oxide in which more than 4V is shown on Li criteria as 
positive active material, since a high energy consistency is obtained, it is desirable. LiCo02 
which charged especially LiNi02 Threshold reaction temperature with an electrolytic-solution 
solvent is LiMn 204. It is low, and since it is easy to reach the thermal-run-away temperature of 
a positive electrode by generation of heat of a negative electrode, the effectiveness of this 
invention is demonstrated more notably. 

[0029] Moreover, in constituting an organic electrolytic-solution rechargeable battery using the 
organic electrolytic solution of this invention, as an ingredient used for a negative electrode, 
oxides, such as carbon materials, such as a graphite, pyrolytic carbon, corks, glassy carbon, a 
baking object of an organic high molecular compound, a meso carbon micro bead, a carbon fiber, 
and activated carbon, or Si, Sn, In, etc. can be used that what is necessary is just a dope and 
the thing which can be dedoped about a lithium ion. 

[0030] When using a carbon material for a negative electrode, this carbon material has a 
desirable thing with the following property. Namely, distance d002 between layers of the (002) 
field It is related, and 0.35nm or less is desirable and is 0.34nm or less still more desirably 
0.345nm or less more desirably. Moreover, the magnitude Lc of the microcrystal of the direction 
of a c-axis has desirable 3nm or more, and 8nm or more is 25nm or more still more desirably 
more desirably. And especially the mean particle diameter has desirable 10-13 micrometers 8-15 
micrometers, and 99.9% or more of purity is desirable. 
[0031] 

[Example] Below, an example is given and this invention is explained more concretely. However, 
this invention is not limited only to those examples. 

[0032] Example 1 methylethyl carbonate and ethylene carbonate were mixed by the volume ratio 
76:24, and to this mixed solvent 100 part by volume, one part by volume [C6 H3 3 (COOC eight 
HI 7)] of tree 2-ethylhexyl trimellitate was added, it mixed, the 1.4 mol/l dissolution of LiPF6 was 
carried out, and the organic electrolytic solution was prepared. 

[0033] Apart from this, it is LiCo02 as positive active material. The flake was added with the 
mass ratio 100:7 as an electric conduction assistant, it mixed, this mixture and the solution made 
to dissolve polyvinylidene fluoride in N-methyl pyrrolidone were mixed, and it was made the 
slurry, this positive electrode — a mixture — to both sides of the positive-electrode charge 
collector which consists of aluminium foil with a thickness of 20 micrometers after passing the 
network of 70 meshes for a slurry and removing a big thing, it was made homogeneity with ** 
and dried, and after that, it pressed with the roller-press machine, and after cutting, the lead 
object was welded and the band-like positive electrode was produced. 

[0034] It mixed with the solution which dissolves the graphite system carbon material (however, 
graphite system carbon material which has property of distance d002 =0.337nm, microcrystal 
size Lc=95nm [ of the direction of a c-axis ], mean-particle-diameter [ of 10 micrometers ], and 
99.9% of purity between layers) 90 mass section in the next, and was made to dissolve the 
vinylidene fluoride 10 mass section in N-methyl pyrrolidone, and was made the slurry, this 
negative electrode — a mixture — to both sides of the negative-electrode charge collector 
which consists of band-like copper foil with a thickness of 10 micrometers after passing the 
network of 70 meshes for a slurry and removing a big thing, it was made homogeneity with ** 
and dried, and after that, it pressed with the roller-press machine, and after cutting, the lead 
object was welded and the band-like negative electrode was produced. 

[0035] After having put said band-like positive electrode on the above-mentioned band-like 
negative electrode through the microporous polyethylene film with a thickness of 25 
micrometers, winding spirally and considering as a spiral electrode object, it was filled up in the 
closed-end cylinder-like cell case with an outer diameter of 1 8mm, and the lead object of a 
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positive electrode and a negative electrode was welded, here — the charge-and-discharge 
capacity of a negative electrode — the usual charge conditions (after charging by 1400mA 
constant current and amounting to 4.1V, actuation charged by the constant voltage of 4.1V is 
performed for 2 hours and 30 minutes) of this cell — 85 mAh/cm3 it was . 
[0036] After it next poured in the above-mentioned organic electrolytic solution into the cell 
case and this organic electrolytic solution fully permeated the separator etc., it obturated, 
preliminary charge and ageing were performed and the organic electrolytic-solution rechargeable 
battery of the cartridge of the structure shown in d rawin g 1 was produced. 
[0037] When the cell shown in drawing 1 is explained roughly, 1 is the aforementioned positive 
electrode and 2 is the aforementioned negative electrode. However, in drawing 1 , in order to 
avoid complicated-ization, the charge collector used in production of a positive electrode 1 or a 
negative electrode 2 is not illustrated, but these positive electrodes 1 and negative electrodes 2 
are spirally wound through a separator 3, and are held in the cell case 4 made from stainless 
steel with the organic electrolytic solution as a spiral electrode object. 

[0038] The above-mentioned organic electrolytic solution is made to contain tree 2-ethylhexyl 
trimellitate as mentioned above, the above-mentioned cell case 4 serves as the negative- 
electrode terminal, an insulator 5 is arranged at the pars basilaris ossis occipitalis, and the 
insulator 6 is arranged also on the spiral electrode object. And the obturation object 8 is 
arranged through the annular insulating packing 7 at opening of the cell case 4, and the interior 
of a cell is made into sealing structure by bolting by the way among the open ends of the cell 
case 4. However, the gas which occurred inside the cell is discharged to the cell exterior in the 
phase which went up to a certain constant pressure, and the vent device of the reversible type 
for preventing the burst under the high pressure of a cell is included in the above-mentioned 
obturation object 8. 

[0039] Except having replaced with example 2 tree 2-ethylhexyl trimellitate, and having used 
dibutyl phthalate [C6H4 2 (COOC four H9)], the organic electrolytic solution was prepared like 
the example 1 , and the organic electrolytic-solution rechargeable battery of a cartridge was 
produced like the example 1 except having used this organic electrolytic solution. 
[0040] Except having replaced with example of comparison 1 tree 2-ethylhexyl trimellitate, and 
having used dimethyl phthalate [C6H4 2 (COOCH3)], the organic electrolytic solution was 
prepared like the example 1 , and the organic electrolytic-solution rechargeable battery of a 
cartridge was produced like the example 1 except having used this organic electrolytic solution. 
[0041] Except having replaced with example of comparison 2 tree 2-ethylhexyl trimellitate, and 
having used toluene, the organic electrolytic solution was prepared like the example 1, and the 
organic electrolytic-solution rechargeable battery of a cartridge was produced like the example 1 
except having used this organic electrolytic solution. 

[0042] Except having not made the example of comparison 3 organic electrolytic solution contain 
tree 2-ethylhexyl trimellitate, the organic electrolytic solution was prepared like the example 1, 
and the organic electrolytic-solution rechargeable battery of a cartridge was produced like the 
example 1 except having used this organic electrolytic solution. 

[0043] Except having set the ratio of example of comparison 4 ethylene carbonate, and 
methylethyl carbonate to 1:1 by the volume ratio, the organic electrolytic solution was prepared 
like the example 3 of a comparison, and the organic electrolytic-solution rechargeable battery of 
a cartridge was produced like the example 1 except having used this organic electrolytic solution. 

[0044] The cell of the above-mentioned examples 1-2 and the examples 1-4 of a comparison 
was charged by 1400mA constant current, after discharging to 2.75V by 1400mA, and after 
amounting to 4.18V, charge for 2 hours and 30 minutes was performed on the conditions 
maintained at the constant voltage of 4.18V. Then, it took out, 2 hours after putting a cell into a 
40-degree C thermostat, and it placed on the cell electrode holder which cut the slot with 
wooden, and stabbed with the nail made from stainless steel whose diameter of a shank is 3mm 
by one half of Mr. Fukashi of a cell outer diameter that it is right-angled and promptly centering 
on the side face of a cell, and the existence of abnormality generation of heat was investigated. 
The result is shown in Table 1. 
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[0045] The mode which shows the cell number which presented this trial with the cell of 
examples 1-2 and the examples 1-4 of a comparison in Table 1 at the trial using every 20 pieces 
to a denominator, and shows the cell number with abnormality generation of heat to a molecule 
shows the rate of abnormality generation of heat. 40 above-mentioned degrees C 1 / 2 peg tests 
are trials under conditions very severe as a trial which checks safety 
[0046] 
[Table 1] 
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[0047] As shown in Table 1, the cell of examples 1-2 using the organic electrolytic solution of 
this invention Although the chain-like ester in the organic electrolytic solution is over 50 volume 
%, there are few rates of abnormality generation of heat. By making the nonionic aromatic 
compound with which a carbon number has four or more alkyl groups in the organic electrolytic 
solution contain, and making ethylene carbonate contain more than 10 volume % in [ all ] an 
electrolytic-solution solvent shows that the safety in a peg test improves. Like especially the 
example 1, when the carbon number of the alkyl group of a nonionic aromatic compound is five 
or more pieces, effectiveness becomes large more. However, effectiveness is small when there 
are few carbon numbers of the alkyl group of the nonionic aromatic compound made to contain 
in the organic electrolytic solution like the cell of the examples 1-2 of a comparison. The 
direction of effectiveness is large, although the alkyl group has combined with the benzene ring 
through a COO radical also in it like the .example J of a comparison rather than the alkyl group 
couples directly with the benzene ring like the example 2 of a comparison. Moreover, the 
effectiveness of addition of a nonionic aromatic compound that safety is good when there is little 
chain-like ester, such as methylethyl carbonate, like the example 4 of a comparison or chain-like 
ester has only an ethyl group, and a carbon number has four or more alkyl groups tends to 
decrease. 
[0048] 

[Effect of the Invention] In the organic electrolytic solution using the chain-like ester which 
chain-like ester is used exceeding 50 volume % as a main solvent in [ all ] an electrolytic- 
solution solvent, and has a methyl group at least in this invention as explained above as an 
electrolytic-solution solvent The safety of the cell using such the organic electrolytic solution is 
improvable by making the nonionic aromatic compound with which a carbon number has four or 
more alkyl groups in the above-mentioned organic electrolytic solution contain, and making 
ethylene carbonate contain more than 10 volume % in [ all ] an electrolytic-solution solvent. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the partial cross-section perspective view showing typically an example of the 
organic electrolytic-solution rechargeable battery using the organic electrolytic solution of this 
invention. 

[Description of Notations] 

1 Positive Electrode 

2 Negative Electrode 

3 Separator 



[Translation done.] 
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